local issue, since the phenomenon of an extrazonal occurrence of thermophilous vegetation on the northern limit of its range has troubled botanists for almost a century [13] [14] [15] , and its ecology is still poorly known [16] . Moreover, the vegetation is considered to be Euro-Siberian steppic woods with Quercus spp. habitat (91I0): a priority habitat in the European Union according to the Natura 2000 system, and a thermophilous form of acidophilous oak forests (habitat 9190 according to Natura 2000). Because coppicing is almost unknown in Poland, there have been no comprehensive studies devoted strictly to the vegetation ecology of forests previously managed in this way. Some descriptions of vegetation could be derived from regional phytosociological studies also performed, among others, in coppiced stands [11, 12, 17, 18] . Unfortunately, it is known that preferential sampling used in phytosociological studies, when focusing on vegetation classification, could give a biased pattern of species composition and biodiversity [19] [20] [21] . Although the spatial differentiation is potentially a significant factor shaping community structure [22] , it was not considered in previous studies.
In this paper we present the results of an examination of the vegetation of overgrown (not cut since the end of World War II) oak forests of coppice origin, which cover slopes with a southern exposure in the submontane area of Silesia (south-west Poland, Central Europe). Firstly, we were interested in the beta diversity: the results of a previous case study [23] suggested an ecotone character for thermophilous oak forests. In this study, we explored the relationship of thermophilous forests with other types of vegetation, using ordination techniques and data collected in non-preferential sampling. Secondly, in such a hilly landscape, it is highly probable that land relief has influenced vegetation [24] , and we therefore tested the effect of land reliefderived variables (exposition, slope inclination, potential head load, soil depth) on the studied vegetation. This data set was completed by measurements of soil pH, also known to influence the studied vegetation [23] . In these two analyses, mentioned above, we also assessed the effect of spatial variability.
Material and methods

Study area
The study was performed at eight sites, located in three mountain ranges (Fig. 1) in the northern foothills of the Sudetes (Silesia, Poland, Central Europe):
(i) Kaczawskie Mts foothills, three sites, 61 sampling plots in total. The geological setting consisted of green schists (metamorphic basalt rocks).
(ii) Wałbrzyskie Mts foothills, four sites, 47 sampling plots in total. The geological setting consisted of phyllite (metamorphic rocks).
(iii) Ślęża Massif, Mt. Radunia, one site, reserve "Radunia", nine sampling plots. The geological setting consisted of serpentinite (metamorphic rocks).
The average annual temperature in the Sudety foothills is about 7.0°C. The average annual precipitation is about 800 mm, with the maximum in summer [11] .
The studied tree stands cover the bases of the slopes, midslopes and summit plateaus of hills at altitudes of 300-580 m a.s.l. The slopes are often intersected by gorges eroded by water. Rapid folds of slopes are also present, from the south to north direction. This land relief means that convex, sunny sites are located close to shady, moist habitats. The soils are shallow, acidic, with a high content of coarse fragments, and the forest floor receives a high amount of light [12, 23] .
The stands had ages varying from 80 up to 118 years, and were single layer stands dominated by sessile oak [Quercus petraea (Matt.) Lieb.]. The sites have been continuously forested since at least 1748. The coppice origin of the stands was confirmed by forest documentation of the State Forest Holding districts: Jawor, Miękinia and Wałbrzych. The exception was the Radunia reserve; however at this site, the presence of a cluster of stems coming from one stump undoubtedly confirms this kind of past management. The stands were managed for tanbark production in 14-20 years rotation periods. In some of the stands, single stemmed trees (standards) were also present, as a result of attempts undertaken before World War II at conversion into coppice with standards. The cessation of coppice management in Silesia began at the end of the 19th century and, after World War II, coppicing was no longer applied. The low productivity of the studied stands has resulted in some of them persisting as non-converted into high forests, or with conversion restricted to singling multi-stem individuals [25] .
The [11, 12, 17] .
Vegetation recording
The field survey was performed in two stages. Initially, in the field, a GPS receiver was used to delineate the extent of habitats defined as "forest of sessile oak of coppice origin placed on the convex part of slopes with, generally, southern exposure". Then, on the topographic maps, the locations of sampling plots were established along the transects parallel to the slope. The concave forms of relief (gorges), covered by ravine forests, were not sampled. The centers of circular sampling plots with an area of 250 m 2 were located at intervals of 50 or 100 m, depending on the slope length. The size of plot was chosen according to the method of Chytrý and Otypková [26] . Finally, the centers of the plots were found in the field with the use of a GPS receiver. All species of vascular plants were recorded in the sampling plots, and their cover was visually assessed, using the Braun-Blanquet cover-abundance scale (r, +, 1, 2, 3, 4, 5). The nomenclature of vascular plants was according to Mirek et al. [27] . The slope inclination and direction, as well as soil depth, were measured on each plot.
Analytical methods
We used detrended correspondence analysis (DCA) to find a general pattern of vegetation that extracts the main gradients in species composition. The bioindication of environmental conditions was performed on the basis of Ellenberg's indicator values (EIV) [28] , as an aid during interpretation of the ordination diagram [29] . The average values of the Ellenberg's indicator values were calculated for light (EIV L), soil reaction (EIV R), moisture (EIV M) and nitrogen (EIV N) using Juice software [30] .
To explore the structure of the species composition, six groups of species were distinguished: (i) thermophilous oak forests (species considered to be characteristic of Quercetalia pubescenti-petraeae order, six species), (ii) mesophilous and eutrophic broadleaved forests (order Fagetalia sylvaticae, 38 species), (iii) acidophilous oak forest and coniferous forests (classes Quercetea robori-petraeae and Vaccinio-Piceetea, 12 species), (iv) mesophilous mantles (class Rhamno-Prunetea, species from Berberidion alliance excluded, six species), (v) thermophilous fringes (class Trifolio-Geranietea sanguinei, six species), and (vi) grassland species (classes Festuco-Brometea and Molinio-Arrhenatheretea, 24 species). The affinity of plant species to classes of plant communities was checked using a guidebook to the vegetation of Poland [31] .
To obtain a more detailed view of the changes in species composition at a spatial scale, a variogram was computed [32] . The variogram decomposed the spatial variability of the observed traits among distance classes [33] . In this study, we analyzed the variability of indices of floristic similarity between plots at different spatial scales. The matrix of distances was created on the basis of GPS measurements and the similarities of vegetation were computed with the frequency index [34] . The frequency index gave similar results to other qualitative similarity indices (e.g. Jaccard, Sørensen) and was convenient to use in further computation of semivariograms. The applied distance class corresponded to the levels of spatial organization of the sampling plots: transects (50-300 m), sites (200-1000 m), mountain ranges (300-7000 m), and the entire region (20-45 km). The ranges overlapped due to differences in the length of transects and site areas, as well as mountain ranges. In the case of Mt. Radunia, data for the site were the same as for the mountain range. Thus, the extent of the "mountain range" level started from 300 m (the distance between the most distant plots at the Radunia site).
The effect of environmental and spatial variables on vegetation was analyzed by canonical correspondence analysis (CCA). Being aware of pseudo replication, for the purpose of this analysis a subset of 56 plots (seven plots per site) was randomly selected by a stratified-random method. In those plots, the soil pH was measured in KCl solution for dry soil samples: three samples per plot were taken and the results were averaged. The potential heat load (HL) was calculated from the slope, aspect and latitude, according to formula number 3 proposed in [35] . The soil depth was also measured by driving in a steel rod. The spatial relationships were defined by nine variables generated from the third order polynomial function of the geographical coordinates of latitude (Lat) and longitude (Lon) for each plot [33, 36] . In order to avoid artificial increases in the explained variation, only variables, which significantly affected species composition, were incorporated into analyses (forward selection, α = 0.05). The selection procedures were applied separately for environmental and spatial variables. Then, the variation was partialling out as proposed [36] . The significance of environmental variables was tested using the Monte Carlo method with 999 permutations. The conditional effect of variables was calculated as a lambda-A value, that is, the increase in the sum of all canonical eigenvalues of the ordination, when the variable is added to the already included environmental variables [37] . Only species that occurred on more than three plots were included in the ordination analyses (DCA and CCA).
Results
Altogether, 191 plant species were found, within 117 sampling plots. The list of all species, together with the frequency and the median value of non-zero cover, is presented in Tab. 1, while all records are stored in Polish Vegetation Database [38] . Among the species found, 77 (almost 40%) occurred in fewer than three plots, whereas 35 (18%) occurred in more than onethird of all plots. The number of species per plot varied five-fold from 11 up to 54, with an average of 28 species per plot. The cover of forest floor species (layer c) also varied considerably from 10% up to 90%, with an average of 61%. Of these species, 14 are protected in Poland.
The sum of eigenvalues in unconstrained ordination (DCA) was 2.31: the first axis explained 8.3% of total species variance, while the second explained 6.6%. Generally, the first axis could be considered as reflecting vegetation variability in a pH gradient (Fig. 2) . It highlighted the difference between mesophilous and acidophilous forest vegetation. Species characteristic of thermophilous oak forests were placed exactly between the two first groups. The species considered as characteristic of thermophilous mantle, as well as of grass-dominated vegetation, were also concentrated in the center of the diagram (Fig. 2) .
The values of semivariance (Fig. 3) were the lowest at the spatial scales of transect and site, when only plots belonging to the same sites were compared. This indicates that differences between plots from the same site, even those placed in different parts of the slope (slope base, mid-slope or summit plateau), were relatively small. The values of semivariance increased rapidly at a spatial scale above 3 km when only plots belonging to different sites were compared; this highlights the differentiation of vegetation between sites. Then, at a distance above 7 km, the semivariance somewhat decreased as a result of "averaging" the vegetation of the two compared mountain ranges: Kaczawskie and Wałbrzyskie. The next rapid increase of semivariance occurred at distances above 20 km, when the plots from Radunia were compared with plots from the two previously mentioned mountain ranges. The procedure of stepwise selection in constrained analyses (CCA) revealed that the significant conditional effects on vegetation structure were soil pH and HL. The conditional effect of pH (lambda-A = 0.08) was more influential than that of HL (lambda-A = 0.06). The significant spatial variables, deriving from geographical coordinates, were: Lon
The environmental and geographical variables explained in total 47.4% of total variability of species composition. The spatial variables were significant alone (P < 0.001) and explained about 32.7% of species composition variability. The environmental variables, however significant (P < 0.001), explained far less variation: 13.1%. The amount of variation shared by those two groups was only 1.6%.
No. Species Frequency of occurrence (%)
Median value of non-zero cover (%) 
Tab. 1 (continued)
Discussion
The mixture of species in the studied vegetation was fairly unusual, especially the high proportion of species typical of non-forest habitats. However, this is typical for thermophilous oak forests in Poland which occur there extrazonally [3, 31] . In this study, the coexistence of species with a relatively high demand for light and fertility can be convincingly explained by previous coppice management at the mesic sites. The promotion of oak leads to the elimination of other tree species with a more closed canopy, and allows the establishment of light-demanding herbaceous species on the forest floor [4, 5, 10] .
In the areas south of the Sudetes and Carpathians, the thermophilous oak forests are considered as a peculiar vegetation type that occupies a niche between the acidophilous oak forests and mesophilous forest [4] . The results of this investigation show a similar pattern of species ordination, where the themophilous oak forest species were placed between mesic and acidophilous species. However, the niche is probably only temporary, since succession processes have been observed after cessation of coppicing [6, 7, 9] . This could lead to a succession from species-rich to a typical mesic forest [5] . Unfortunately, to the authors' knowledge, there have been no long-term observations or manipulative experiments in this type of forest that can be used to verify the hypothesis of the origin and dynamics of the examined vegetation. There are several reasons explaining why this vegetation has persisted until now, more than half a century after the cessation of coppicing. Among these, apart from the existence of man-created tree stand structures, are also: specific land relief creating refuges for different ecological groups of plant species, edaphically limited dryness related to shallow, structural soils, and heavy browsing of tree saplings by ungulates [23] . Putting aside the working hypothesis on the origin and dynamics of the vegetation, these forests are undoubtedly important from the point of view of nature protection, at the scale of both region as well as the entire state, since 7% of the recorded species are protected.
It was initially hypothesized that the vegetation is under the prevailing effect of light or heat gradients [23] . The land relief could also be supposed to cause a strong difference between plots placed along the transects, as was shown in deep valleys [24] . However, the results revealed that soil pH was the most important environmental gradient. It should be highlighted that this effect occurred in a relatively limited gradient of HL, since the study was restricted to the convex sections of slopes, with generally southern expositions. Nevertheless, the effect of spatial variation was also very strong on niche-conditioned variability of the vegetation. The differentiation of vegetation between sites and mountain ranges was more pronounced than intra-site differentiation caused by land relief (Fig. 3) . Because the percentage of variability shared by the environmental and spatial variables was relatively low (less than 2%), we can assume that the between-sites and between-ranges variability was not caused exclusively by differences in pH and/or HL between those particular units. Since the last remnants of stands of coppice origin occur in detached patches, the local process could thus have strongly shaped species composition. This could be summarized as an effect of the regional species pool (in the sense of Zobel [39] ). We were not able to distinguish which kind of processes were crucial: these could be a limitation of the distribution of some species [40] , together with individual site history, as well as the landscape context of the location of each studied site in term of both its contemporary [41] or/and historical pattern [42] .
Conclusions
The studied tree stands supported a relatively high number of vascular plants on the forest floor, many of which are protected. These plant species can be considered as typical for different kinds of habitats. However, such a mixture, as well as species richness, could be convincingly explained by historical forest management and specific land relief. The species considered as diagnostic for thermophilous oak forests occupy a niche between acidophilous oak forests and mesophilous forests. The species composition is under the effect of soil pH and HL, but those environmental variables are less influential than the spatial variation of the examined vegetation.
